Control of brain fatty acids.
Saturated and monounsaturated fatty acids are mainly synthetized in the brain, but some of them could originate from the diet; in contrast polyunsaturated fatty acids are derived from dietary linoleic and linolenic acid. Saturated fatty acid biosynthesis occurs via three main pathways in mammalian cells. One is de novo synthesis of fatty acids from acetyl-CoA via malonyl-CoA; this system has been isolated in soluble form (the soluble system) from various animal tissues including brain. The second and third pathways involve elongation: in the mitochondrial system, acetyl CoA is the principal substrate in extracts from all organs, even brain; in the microsomal system, however, malonyl-CoA acts as donor of the 2 carbon fragments. In vivo studies in brain have shown that very long chain fatty acids are synthesized by elongation rather than by a than by a de novo mechanism. Feeding animals with oils that have a low n-3 acid content (linolenic series) results in all brain cells and organelles reduced amounts of 22:6 n-3 which is compensated for by an increase in 22:5 n-6. The speed of recuperation from these anomalies is extremely slow for brain cells, organelles and microvessels, in contrast with other organs. Essential fatty acids for the brain could be those with very long chains as shown with cell culture. They are probably synthesized in the liver from linolenic acid. They can also be supplied directly by food. During the period of cerebral development there is a linear relation between the n-3 acid content of the brain and that of food until linolenic acid represents approx. 200 mg per 100 g of food (for 1200 mg linoleic acid). A decrease in acids of the linolenic series in the membranes results in a 40% reduction of Na-K-ATPase in nerve terminals and a 20% reduction in 5'-nucleotidase in whole brain homogenate. A diet low in linolenic acid leads to anomalies in the electroretinogram which disappear partially with age, it seriously affects learning tasks. The presence of linolenic acid in the diet confers a greater resistance to certain neurotoxic agents.